Modeling the air flow through an array of the integrated-planar solid oxide fuel cell (IP-SOFC) is very important for the optimization of the cell performance. The finites differences and the lattices Boltzmann methods are used to predict the evolution of the IP-SOFC fuel cell parameters. The effects of the inlet air velocity, the temperature and the pressure on the cell performance are investigated. The results indicate that the oxygen mole fraction decreases and the polarization concentration increases in the x-direction. The voltage losses became more and more important for the module of the next bundle, caused by the oxygen depleting. An increase in the inlet air velocity can reduce the oxygen mole fraction decrease and decrease polarization losses, however the concentration polarizations decrease imperceptibly with increasing temperature.
Introduction
The fuel cells are often presented as the solution of the future for electric energy production. This appeal is justified by their numerous advantages as high efficiency, and possible exhaust-heat utilization.
Solid oxide fuel cell (SOFC), receive a considerable attention because they can use, not only pure hydrogen H 2 as fuel, but also a gas mixture of H 2 , H 2 O, CO, CO 2 and CH 4 . The integrated-planar solid oxide fuel cell (IP-SOFC) is a recent design, pioneered by Rolls-Royce [1] , which is currently creating great interest in the fuel cell community [2, 3, 4, and 5] . The integrated-planar solid oxide fuel cell (IP-SOFC) is characterized by its weaker cost, its elevated power density and its clutter reduces. Several physical, electro-chemical and chemical phenomena take place in an IP-SOFC fuel cell; these phenomena influence on the cell performances.
In this work, we have developed a numerical model using the finites differences and the lattices Boltzmann methods, in order to investigate the air flow through a bundle of IP-SOFC fuel cell modules.
The objective of the present study is to systematically investigate the influence the evolution of the oxygen mole fraction consumed by the IP-SOFC fuel cell between modules on the IP-SOFC performances. The effects of the air velocity, the pressure and the temperature inlet on the oxygen mole fraction are analyzed. 
Thermo fluid modeling
In the IP-SOFC fuel cell, the electrochemical cells are supported on a thick porous ceramic layer adjacent to the anode and Fig. 2 shows the flow of gases and ions within the structure. O 2 gas diffuses through the cathode and the electrochemical reaction, occurs at, or nears, the cathode-electrolyte interface. The O 2_ ions migrate across the electrolyte while H 2 gas diffuses through the porous support and anode layers. The electrochemical reactions occur at, or near, the anode-electrolyte interface and the reaction product H 2 O and free electrons [7] . The porous support layer controls the convection and diffusion of gases to and from the anode. The performance of each electrochemical cell is intrinsically linked to the gas composition and temperature at the anode surfaces. Yielding the following electrochemical reactions in an IP-SOFC are.
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• The reactions that takes place, using nickel as catalyst, at the anode are :
2CO +4e → • The reaction that takes place, using dopey luthane to strontium as catalyst, at the cathode is : A computational domain used is consists of two parts A and B, as showen in fig.3 . This partition is necessary because the equations that govern the air flow in the two parts are different, in fact no diffusion in B domain.
In this study, it is assumed that there is one large cell covering the whole of the top and bottom face and a 2D-model is adopted. The coordinate system used throughout this paper is shown in Fig.1 . The computational domain is localized in the center of unit cell, z = Mz / 2 and the discredited domain dimensions are: • Mx = 60 mm in x-direction.
• My = 6 mm in y-direction.
• Mz = 400 mm in z-direction.
The cathode is made of strontium-doped lanthanum manganite (LSM). It should be noted that the pore size is significantly larger than the mean free path of the gas molecules and so diffusion can be modeled using continuum theory. The cathode material is assumed to be isotropic with the properties given in Table. 1. 
Transport in fuel channel
The air flow between modules is assumed to be tow dimensional and laminar, the equations presented here are for a steady, low Mach-number, compressible flow.
Conservation of momentum
An equation can be written for the conservation of momentum in the x-direction,
Where ρ is the density of the gas mixture, U x is the component of the velocity vector U in the x-direction and p is the pressure. The shear stresses τ xx , τ xy and τ xz are given by
Conservation of species
A conservation equation can be written for each of the two gas species
Where, ρ i is the density of species i. The mass-averaged velocity U is the velocity calculated from the momentum equations (1) and g i is the diffusion mass flux relative to the mass-averaged velocity. For a binary system, the diffusion mass 
Conservation of energy
The equation describing the conservation of energy
Where H is the specific enthalpy and k is the thermal conductivity, all of the gas mixture, h i is the partial enthalpy of the ith species and is calculated from
Where Td= 298.15 K and the specific enthalpy of the gas H is then given by
The pressure field is calculated from the ideal gas equation (10) 2.2 Transport in electrode Fig.3 shows a cross-section along the length of the computational domain, the coordinate system shown is used throughout this part of this paper. The proper boundary conditions at the impermeable wall will be the non slip condition for velocity and prescribed temperature or heat flux for heat transfer. The governing equations for steady flow of a gas mixture composed of (O 2 , N 2 ) for the air. Species transport through the porous media is assumed to be one dimensional across the thickness of the porous structure [8] ; three equations for the mass conservation of the species are required, along with momentum and energy equations for the mixture. The momentum equation is approximated by Darcy's Law for flow in porous media, and the energy equation is written in terms of enthalpy.
The momentum equation for the flow in the porous structure
A simplified form of the momentum equation, Darcy's Law for porous media, is assumed to hold in the porous electrode:
Where U y is the mixture viscosity, and K (permeability) and ε (porosity) are characteristics of the porous media. 
Conservation of species
The conservation equation for each of the n individual species can be written as:
Where ρ i is the density, U yi is the pore velocity vector and S i is the rate of production per unit volume due to chemical reaction, all of species i. The flux vector of the ith species ρ i U pi is the sum of the convection and diffusion fluxes,
Where the mass-averaged pore velocity U y is the velocity calculated from the Darcy Equation (10), g i is the diffusion mass flux relative to the mass-averaged velocity expressed by the equation (6) and β is the tortuosity.
Conservation of energy
The equation governing the conservation of energy in the porous structure is:
The partial enthalpy h i of the ith species is calculated from equation (8) and the specific enthalpy from equation (9).
Electrochemical model
The IP-SOFC voltage is decreased from its open circuit voltage because of irreversible losses. Multiple phenomena contribute to irreversible losses in an actual fuel cell. The losses, which are called polarization, overpotential, or overvoltage, in the IP-SOFC, are caused by activation polarization, ohmic polarization, and concentration polarization.
In this paper we are interesting in the cathode polarization concentration. Then, for a total power produced by the IP-SOFC fuel cell of ten megawatt, the low voltage losses, created by concentration polarization, are very important. The concentration loss expressed in terms of the molar fraction of the gases by equation (15):
Numerical procedure and Boundary conditions
The characteristics of the air flow through an array of module are giving by the table 2. The conservation equations have been solved while using the finites difference method; we chose a non homogeneous Cartesian scheme of which the steps ∆x and ∆y are variable. A detailed model is presented in a last published article [10] .
The algorithm of resolution is described her and shown in fig.4 :
The physical properties of the gas mixture are expressed according to the molar fractions of these constituent (5) and (6) .
The equations (1), (2), (3) and (4) which uses the partial derivatives of the equations to approach the solution, are discretized using a finites difference scheme.
The New parameters value Yi(i+1,j), P(i+1,j) and V(i+1,j) are calculated while solving the system of equations they are expressed according to the features to the previous parameters.
The models have been implemented in Fortran 90, under the objective to use them into the special software for the calculation of the IP-SOFC fuel cell. 
Oxygen mole fraction distribution
The evolution of the oxygen mole fraction in the module during the nominal dimensions and operating conditions of an IP-SOFC ful cell is depicted in Fig. 5 . The observation of the oxygen mole fraction field shows that the concentration of oxygen in the air undergoes a slight decrease in the x-direction. However this reduction becomes important in y-direction. We can explain this decrease by the fact that the oxygen gas diffuses through the cathode and it contributes to the electrochemical reaction, which occurs, nears the cathode-electrolyte interface.
Model validation
The cell performances obtained from the model are compared with the experimental performance data as shown in Fig.6 . The result show that the calculated performance, agree well with the result reported by Haberman [5] . This demonstrates that the present model is accurate enough for studying the behavior of an integrated planar IP-SOFC operating with humidified hydrogen. 
Cathode concentration polarization
The evolution of the concentration polarization in the IP-SOFC cell is depicted in Fig.7 . The decrease of the oxygen mole fraction in x-direction produces an increase in the concentration polarization in the cathode-electrolyte inteface. The contribution of cathode concentration overpotential to the total cell potential is non negligible. The bundles to bundles evolution of the oxygen concentration is predicted to evaluate it effect on the total IP-SOFC fuel cell voltage, the sensitivity analysis considers a nominal value of the cell voltage, 0.7 V, the fig.8.a) shows a continual decreases on the oxygen concentration. This result is due to oxygen utilization under real operation conditions. The effect of this decrease is shown in fig.8.b) , it reveal a continual increases on the concentration polarization. , the losses became more and more important for the module of the next bundle. So the cell concentration polarization of the cathode increases from 0.004 V for the first bundle to 0.014 V for the fourth bundle. 
Effect of the inlet air velocity on the oxygen mole fraction fields
The oxygen mole fraction loss, for three inlet velocity :Umax=2.5, Umax=2.6, Umax=2.8 m/s, are compared in Fig. 8 . It can be seen, that with the increase of inlet air velocity, The oxygen mole fraction loss decreases in the x-direction from the fuel channel inlet. In order to explain the effect of the inlet air temperature on the IP-SOFC fuel cell performance, we must predict the relative importance of cathode overpotentials at different operating temperatures. The model results reported in Fig. 10 show that the concentration polarizations decrease imperceptibly with increasing temperature.
Conclusions
A fundamental theory-based numerical model has been proposed and developed to predict the air flow through a bundle of IP-SOFC modules. The numerical results are in good agreement with the finite volume and with experimental results. It is found that the cathode concentration overpotential decreases are due to the decreases in the oxygen mole fraction in the fuel cell. These decreases became more and more important for the module of the next bundle. And the voltage loses became significant for the high produced power. It can be expected that an increase in the inlet air velocity can ameliorate the oxygen concentration in the air and decrease polarization losses, also same results are observed when we increase the functioning pressure. However the concentration polarizations decrease imperceptibly with increasing temperature.
